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February 25, 1988
File: Tbpt-631

Mr. Alan I. Roberts, Director

Office of Hazardous Materials Regulations
Research & Special Projects Administration
U.S. Department of Transportation

400 Seventh St. SW

Washington, DC 20590

Subject: Seasonal Filling Densities for LP-Gas Cargo Tanks

Dear Mr. Roberts:

NLPGA recommends amendment of Section 173.315(b) of the Hazardous
Materials Regulations to provide increased filling limits of liquefied

petroleum gas {LP-gas) cargo tanks. Limiting conditions and a revision to
Table 173.315(b) are enclosed.

The National LP-Gas Association (NLPGA) is the national trade
association of the LP-gas industry with a membership over 4,100, including 47
affiliated state and regional association representing all 50 states. A very
significant part of our membership are local LP-gas retail marketers, though
our membership also includes common and contract motor carriers of LP-gas.
Thus, our members have a very direct and concerned interest for regulations
that affect the design and operation of MC-330 and MC-331 cargo tanks.

In support of this proposed amendment, Wg_3f> enclosing a report of~
_research performed on tank filling densities by the School of Chemical
Engineering, Oklahoma State University, Stillwater, Oklahoma. This research
was initiated by the National LP-Gas Association with the University in 1969
and after an unavoidable delay was completed in 1978. This data was
originally submitted to DOT by NLPGA in a petition for rule making dated
October 23, 1978. The petition was subsequently returned by DOT on May 20,
1986 with the request that the proposal be reviewed to determine if it was
still valid considering recent changes in technology and regulations.

This letter resubmits a proposed change to the Hazardous Materials
Regulations along with this OSU research report. As applied to Commercial
and Special Duty Propane (see ASTM D-1835, copy enclosed), the data in this
research report indicates the following change can be made with no sacrifice

in safety. These changes are reflected in the following proposed addition to
the table in Section 173.315(b).

Winter (November through March) filling of cargo tanks:

A filling density of 47.5% of water weight capacity for two ranges of
specific gravity "0.496 to 0.503" and "0.504 to 0.510" for over the road
cargo tanks, provided (1) these containers are normally emptied within

three days of filling and (2) these containers are filled at liquid
temperatures below 70 F.
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These changes would contribute materially toward the conservation of
energy resources by reducing the number of trips necessary to transport this
fuel to the consumer. From a safety standpoint, a reduction in the number of
trips would also reduce the overall exposure of tank trucks to the highway
environment. The Winter is a peak period for transportation of propane. By
permitting trucks to carry more product per trip under the qualifications set
out, consumer outages attributed to transportation problems during extreme
weather conditions would be minimized. 1In summary, we feel that adoption of

the proposed changes would be beneficial to the consumer, the industry and
the government.

LP-gas cargo tanks are of two basic types - bobtails and highway
transports. Bobtails are local delivery units; the common capacity of a
bobtail is 2,000 to 3,500 gallons water capacity (gwc) with 2,500 gwc being a
typical size.

Highway transports are articulated units, commonly called semi-trailers,
and are pulled by highway tractors. These vehicles usually have a capacity
of 7,500-11,000 gwc, may range several hundred miles or more, and are used
primarily for distance bulk transportation of LP-gas between pipeline
terminals and local distribution facilities. There is a third type (used
mostly on the West Coast) that uses a large, tandem-axle bobtail unit in
combination with a second cargo tank mounted as a full trailer. These
combination units transport LP-gas in the same general quantities as a
highway transport unit, and would have the same economic benefits as a
transport with respect to seasonal filling densities.

There are an estimated 6,000 highway transports in the United States
transporting. The annual savings in delivery costs would be about
$17,400,000. There are an estimated 18,000 bobtails in the United States in
LP-gas service. The approximate annual savings for these vehicles is
$19,350,000. The derivation of these respective savings is enclosed.

In addition to the economic benefit that would be realized with these
winter filling densities, there would be a contribution towards improved
safety in transportation. Any time that it becomes possible to decrease the
number of vehicle movements over the highways, there is a demonstrated
improvement in safety. This improvement occurs because the number of
possibilities for an incident to occur have been reduced. Thus, the economic
benefit provided by the higher winter filling densities would be supplemented
by improved safety experience in LP-gas transportation.
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We have heard various concerns expressed for the possible effect of
seasonal filling densities upon LP-gas tank trucks in areas such as Puerto
Rico, where there are virtually no seasonal temperature changes. Enclosed is
a copy of temperature data for San Juan, Puerto Rico covering the period
1898-1947; this data was obtained from the National Oceanic and Atmospheric
Administration, National Meteorological Center. The center column shows
maximum and minimum temperatures recorded in the particular month. For the
48-year period, the maximum daily temperature in the months November-March
was 93 F, well below the 120 F maximum daily temperature recorded for Yuma,
Arizona for a 69-year period. Similar data for Yuma provided by NOAA also is
enclosed. Thus, there would be no adverse effect upon LP-gas shipments in
Puerto Rico using the proposed winter filling densities. Yuma, Arizona is
one of the data points included in the research conducted by Oklahoma State
University referenced earlier in this letter.

We would be glad to discuss the research data and this petition for rule
making at your convenience. Representatives of Oklahoma State University
also are available to discuss the more technical aspects of the research work
and report.

Sincerely,

W. H. Butterbaugh, CA
Assistant Vice President
Technical Services

WHB/cl
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Scope .

[ It \/‘»speciﬁcation cavers those prod-
s commonly referred to as liquefied petro-
T gases. i

.2 This specification is applicable to prod-
; intended for use as domestic, commer-
. industrial, and engine fuels.

3 This specification is for use in formulat-
specifications for required properties of

:fied petrolcum gases at the time of deliv-
‘n bulk.

pplicable Docnme'nts
V' ASTM Srandards:
1265 Sampling Liquefied Petroleum (LP)

leum Gases (Oxy-Hydro
I.amp)?
2.2 Other Documents:
GPA Publication 21404

3 Types ’ é‘f
3.1 Four basic types of liquefied petroletiiy; §
Bases are provided to cover the common ug

applications, as follows:

required,

i
3.1.2 Commerical Butane—A hydroca'éz

N 3.1.3 Commercial PB Mixtures—Mixtures-
-Jases of propane and butane for use where interme}'?;?
267 Test for Vapor Pressure of Lique-  djate volatility is required. . 1

1 ‘th }:ie;m'e“m (LP) Gases (LP-Gas 3.1.4 Special-Duty Propane—A high~qua1~k‘§
fethod)

ity product composed chiefly of propane,?,:‘
which exhibits superior antiknock character-

istics when used as an internal combustiogit
cngine fuel.

657 Test for Specific Gravity of Light
lydr  Ybons by Pressure Hydrometer®
337 Vest for Volatility of Liquefied Pe-
oleum (LP) Gases?

138 Test for Copper Strip Corrosion by
iquefied Petroleum (LP) Gases?

kel

W

4. Detail Requircments
4.1 The four types of liquefied petroleum®

58 Test for Residucs in Liquefied Pe- 8ases shall conform to the requirements pre-’gg
leum (L.P) Gases® scribed in Table 1. ‘§
63 Analysis of Liquefied Petroleum s, Sampling

P) Gases and Propylene Concentrates \

Gas Chromatography? gases is extremely important if the tests are:
20 Test for Hydrogen Sulfide in Lique-

to be significant. Al samples shall be ob-ﬁ;;
d Petroleum (LP) Gases (Lead Ace- tained in accordance with Mcthod D 1265, g
¢ Method)? —
8 Calculation of Certain Physical
'perties of Liquefied Petroleum (LP)
ses from Compositional Analysis®
3 Test for Dryness of Propane (Valve
ez€ Method)®

t Test for Sulfur in Liquefied Petro-

5.1 Proper sampling of liquefied petro!eum’%

B

Committce 12 on Petroleum Products and Lubricants. -
Current cdition appraved Aug. 27, 1976. Published’a
October 1976. Originally published as D 1835 - 61T. Last'-
previous edition D 1835 - 75. 3&
Y Annual Book of ASTM Standurds, Part 23, h
 Annual Baok of ASTM Standcrds, Part 24, E
‘ Available from Gas Processors Assn.. 1R]2 First
Place, Tulsa, Okla. 74103,

' This specification is under the jurisdiction of ASTM:%

gt
RS
LIt

3.1.1 Commercial Propane—A hydrocags’
bon product for use where high volatility jg* :
=

bon product for use where low volatility% .
required. g

Product Designation

ASTM Test
i i i Special-Duty Methods
Commercial Commercial Commercial  Spe ctho
Propanc Butane PB Mixtures Propane4 et o)
ressul ° i 0 s 208 D 1267 or
,‘;;:_;rcs:»un: at 100°F (37.8°C), max, psig fggo 185 208 b 1267
v
P .
. sidue: . 26 3
" s emperatre, 5 %, e, 7 T3 22 2.2 -383 D 1837
< - . 0
. 25 D 2163
o‘unc and heavier, max, vol % 2.5 20 20 : D 2163
bumanc and heavier, max, vol % .. K 20 S D 2163
fopylene content, max, vol % .
Res el i 0.05 0.05 0.05 0.05 D 2158
idue on evaporation 100 m}, max, m} R A o b2 D158
"fls ,st:in observation pass® gass ‘;’) pass p21ss
R:;.nivc density (specific gravity) at 60/ P , D 1657
e s No. 1 No. 1 No. 1 No.1 D 1838
C jon, copper, strip, max . e "y
:;}}L‘;Slgrains/loo ft> max at 60°F and 14,92 15 ;23 oA oA D 2784
psia mg/m?® (15.6°C and 101 kPa) 343 43 29, D 2784
Hydrogen sulfide content N N o P D 2429
Moisture content pass no“c’ i pas
Free water content

4 Equivalent to Propane HD-S of GPA Publication 2140.

# The pCHHISblblc ¥apor pressu 0Ol proguc r not exceed PSg ( 380 kPa) and
ssures of products classified as PB mixtures must t exceed 200 1
.lddmonally must not exceed that calculated {rom the followmg rclanonshlp between the observed vapor pressure and the

observed specific gravity:

Vapor pressure, max = 1167 ~ 1880 (sp gr 60/60°F) or 1167 — 1880 (density at 15°C)

i i . To comply with the
A specific mixture shall be designated by the vapor pressurc at 100°F in poun'ds {pc'r s?:arerlgfr §gl::rg: s:eciﬁcd‘,’ y
de e tion, the vapor presbure of the mixture shall be within +0 to —10 psi o the pqd e S o a filter
s‘:g.x‘:n I:cc’cptablepl;)roduct shall not yield a persistent oil ring w!:cn 0.3 ml_ ofdsq]v:;r:’;;:;:j 1;) i
aper, in 0.1-ml increments and examined in daylight after 2 min as dcscnl:e in ! e e o oscs and should be
P‘;e,ﬂthm; h not a specific requirement, the specific gravity must be deiermine or'ruiblc nl\)aximum vapor pressure
teported Aﬁdilionally, the specific gravity of PB mixture is nceded 10 establish the permiss

fsee Footnote b).

E An acceptable product shall not show a distinct coloration.

 The presence or absence of water shall be determine

determined.

d by visual inspection of the samples on which the gravity is

APPENDIX

.FIE ) GASES
X1. SIGNIFICANCE OF ASTM SPECIFICATIONS FOR LIQUEFIED PETROLEUM (LP)

XL1 General

X1.1.1 Liquefied petroleum gas products are
Composed ofqthose readily hiquefiable hydrocarbon
Compounds which are produced in the course of
Processing natural gas and also in the course of the
conventional refining of crude oil. The composition
Of liquefied gases can vary widely depending upon

€ source and the nature of the 13ea\mcm to which
the products have been subjected.

Xpl (;d; There are many uses for liquefied petro-
leum gases. Important uses are, (/) as domestic,
Commercial, and industriat fuels, () as a carhon
Source material in metal treating operations, (3) as
refinery raw materials for synthetic gascline pro-

i erials.
ion, and (4) as petro.chcmlcal raw r'natcrja -
dlel\f:"r?mure of the needs q\c\'e;]tes ‘hvca;%tus“;g ;:l?c[:-
position characteristics in CS::.‘ pant L
ions. Since the last three uses of those hisieC arc '
?}?e category of specialty apph?atloni‘ \ml;l:}lmmm
volve special reqUIrcmenti}l.ctzl&ti‘gnasre eX

i ion i spec S )
cor;(s;dlcr‘?l;%nsl\:]b;l:;nc%e, the ASTM prec1ﬂca!<;or;:
for ligquefied Petroleum Gases fxrcﬁﬁ_e‘s;grr:’i  to
properly define acceptable products O ees it
commercial, and industrial uses. In l(r;le )s! cases it
will be found that products mceting the otll:;er fica.
tions will also be usable in apphgauod . other than
the ones for which they were dcsllgn;cdr: T e
ing may be accepted as a pencra: pUiAT 2

AP x o, 874 = 74@;«.;//4‘6/4‘3 |
~ @b p1sss k

TABLE 1 Detall Requirements for Liquefied Petroleum Gases
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on use applications of the three types of

1.3.1 Commercial Propane—This fuel type
one preferred for domestic, commercial, and
rial use, particularly in geographical arcas
1 seasons where low ambient temperatures
ymmon, and where uniformity of fuel is an
tant consideration.

1.3.2 Commercial PB Mixtures—This fuel
since it covers a broad range of mixtures,
ts the tailoring of fucls to specific needs. The
1y mixtures find application as domestic, com-
al, and industrial fuel in areas and at times
low ambient temperature conditions are lcss
:ntly encountered.

.1.3.3 “ommercial Butane—This fuel type
limit, Jplication as a domestic fucl in areas
rmer wanates. Itis similarly used in industrial
:ations where problems of fuel vaporization
ot present.

.1.3.4 Special-Duty Propane—This fuel type
seciat liquefied petroleum gas product tailored
et the restrictive needs of internal combustion
cs operating under moderate to high engine
ity. Fuel products of this type will be less
ble in composition and combustion character-
than the other products covered by this speci-
on.

~

Significance

1.2.1 Since commercial liquefied petroleum
i are essentially cither single component prod-
‘depending upon fuel type, it follows that all of
nportant behavior characteristics of such prod-
can be defined and controlled by a rclatively
‘imple measurements. The specification tests
h are provided achieve the desired result. The
ficance of the various tests as they may apply
nsumer problems is summarized here.

1.2.1.1 Vapor Pressure, Volatility, and Grav-

1.2.1 )Vapor Pressure is an indirect meas-
»f the most extreme low-temperature condi-
under which initial vaporization can be ex-
>d to take place. It can be considered as a
quantitative mecasure of the amount of the
volatite material present in the product. Tt
also be used as a means for predicting the
mum pressures which may be experienced at
tank temperatures. Vapor pressure becomes
> significant when it is related to volatility.
1.2.1.1.2 Volatility, expressed in terms of the
- cvaporated temperature of the product, is a
sure of the amount of least volatile fuel compo-
present in the product. Coupled with a vapor
sure limit, it serves to assure essentially single-
ponent products in the cases of commercial
«ane and commercial butane fuel types. When
tility is coupled with a vapor pressure limit
'h has been related to gravity, as in the case of
‘ommercial PB-mixture type of fuels, the com-
+ llon serves to assure essentially two component
ures for such fuels. When coupled with a
er vapor pressure limit, this measurement

.

D 1835

serves to assure that special-duty propane pmductsr g
will be composed chiefly of propanc and propylene;#
and that propane will be the mujor constituent. 7%
X1.2.1.1.3 Gravity, by itself, has little signifi-
cance. It becomes of value only when related o' F
vapor pressure and volatility. Since gravity is of 7
importance in meceting transportation and storage .«
requirements it is always determined for all lique- &
fied petroleum gas products. 2
X1.2.1.2 Other Product Characteristics-—While &
the vaporization and combustion characteristics of ',
commercial liquefied gas products are completely 2,
defined for the normal use applications by vapor
pressure, volatility, and gravity, as given in%
X1.2.1.1, there are other items which either affect
or might affect the results obtained in some specific o
use applications. For that reason, limits are speci~
fied for residue content, copper corrosion, sulfur’
content, moisture content, and free water content
to provide assurance of product dependability un- "§
der the more extreme conditions of use. &
X1.2.1.2.1 Residue (End Point Index)is a meas—f-'i:;f
ure of the concentration of combustible hydrocar-. .
bon materials present in the product which are%:
substantially less volatile than the liquefied petro-
leum gas hydrocarbons. Control over residue con-
tent is of considerable importance in use applica-’
tions where the fuel is uscd in liquid feed systems.
In such cases, failure to limit the permissible con- -
centration of residue materials may result in trou- X%
blesome deposits. It is also of importance where
the fuel vapors are withdrawn from the top of the
storage container. In such applications, regulating .
equipment tends to become fouled up if excessive -i.;"
amounts of residue are present in the field. =
X1.2.1.2.2 Copper Corrosion limits are for thc;g
purpose of providing assurance that difficulties will 2
not be experienced in the deterioration of the cop- 3}2
per and copper-alloy fittings and connections %
which are commonly used in many types of utiliza- %
tion, storage. and transportation equipment. The %
further provision that special-duty propane prod-';?
ucts shall not contain detectable amounts of hydro- &t
gen sulfide is an added safeguard included for the
same purpose. P
X1.2.1.2.3 Suifur Content limits are provided 3
primarily for the purposc of more completely deﬂn-?f?

ing liquefied petroleum gas products since these#%
products are inherently much lower in sulfur con-
tent than other petroleum-derived fuels. In the nor- &
mal fuel use applications for liguefied petroleum
gas. sulfur content is considered to be of limited 3§
significance if the other product characteristics are 4
within the specified limits. &
X1.2.1.2.4 Muisture Content is a measure of the %7
approximate percentage saturation of the product £
with water. This measurement is a requirement %
only on the commercial and special duty propane
types of liquefied petroleum gas. The purpose of 3¢
moisture content control is to provide assurance /4
that pressure reducing regulators and similar equip- &2
ment will operate consistently without troublesome 2 4
freeze-ups caused by the distillation of dissolved i
water from the product. 3

@b b 1835

which are mild and, as a consequence, the only
requirement is vigilance to assure that no free wa-
ter is present.

%1.2.1.2.5 Free Water Content is of importance
only on the commercial PB-mixtures and commer-
cial butane type products. These two types of prod-
ucts are normally used under ambient conditions

The American Society for Testing and Materials takes no position respeciing the validity o f any patent n'gh.Ls asserted in
connection with any item mentioned in this standard. Users of this standard are ea:pressly gdvued that de}e(r]lmal;on of the
validity of any such patent rights, and the risk of infringement of such righis, is entirely their own responsibility.

This standard is subject (o revision ut any time by the responsible technical commirtee and must .be reviewed every five
ears and if not revised, either reapproved or withdrawn. Your commenis are invited either for reviflon of this slw?dard or
or additional standards and should be addressed to ASTM IHeadquarters. Your comments will receive careful consideration
at a meeting of the responsible technical committee, which you may attend. If you feel that your comments hav.c not re.ceived
o fair hearing you should make your views known to the ASTM Committee on Slam.t’urit, 1916 Race St., Philadelphia, Pa.
10103, which will schedule a further hearing regarding your commenis. Fuiling satisfaction there, you may appeal io the
ASTM Board of Directors. . )



Highway Transports

Increased filling densities would provide immediate cost benefits to
the transports that were built to comply with the previous Federal maximum
weight 1limit of 73,280 1lbs.; these units are typically 10,520 gallons water
capacity (gwc). The present Federal weight limit of 80,000 lbs. would allow
a LP-gas transport to be about 11,500 gwc fully loaded. Units designed to
the 73,280 1b. limit could add 3,073 lbs. of propane from the increased
filling density and still be well under the 80,000 lb. limit. Units de-
signed to the 80,000 1lb. limit would not benefit from additional cargo
capacity since they are already operating at the maximum permitted weight.
In addition, there would be some long rarige savings in the purchase of new
tractors for older trailers which would not require the additional expen-
diture of weight savings specifications in order to haul maximum gallons.

Based upon a review of various issues of NLPGA LP-Gas Market Facts
and other sources, there are approximately 7,000 transports in the United
States. An estimated 1,000 of these units were designed and built to
take advantage of the 80,000 1b. limit, leaving an estimated 6,000 units
that could benefit from additional transportation capacity.

Typical Transport 10,520 gwc
Average number of trips {November through March) 200
Average hauling cost per gallon $0.02

Difference in operating cost for additional transportation capacity
is negligible.

Product Weight

Proposed winter filling density (10,520 gal) (8.345 1b/gal)(4;85%) = 42,578 lbs.
Current winter filling density (10,520 gal) (8.345 1lb/gal) (45%) = 39,505 1bs.

Increased product load 3,073 1bs.
Increased gallons hauled (3,073 1bs)${(4.24 1lbs/gal) = 725 gallons propane
Annual savings per unit {725 gal/trip) (200 trips/winter) ($0.02/gal) = $2,092/unit

Annual national savings ($2,900/unit) (6,000 units) = $17,400,000



Bobtails

It is generally recognized in the industry that the average cost of
delivery for a bobtail is about $0.10 per gallon. As noted below, about
172 gallons additional LP-gas capacity would be realized with the proposed
seasonal filling densities. This would permit one additional delivery per
trip in most instances. If the increased capacity could be utilized only
half of the time, estimated savings during the winter months would be $0.05
per gallon. This estimated utilization is actually quite conservative since
most marketers deliver two truck loads a day during this November-March
period.

In the long run, the increased filling densities would also tend to
reduce the average size of vehicles reguired, thus keeping them more maneu-
verable and contribute towards reduced operating expenses.

The following calculation is based on the estimated savings of $0.05
per gallon, 25 days per month of deliveries, and one trip per day over the
five winter months (November-March). A recent NLPGA survey concluded that
there were about 18,000 bobtails in operation in the United States.

Average truck size . ' 2,500 gallons water

capacity (gwc)
Average number of trips (November through March) 125 per truck
Average savings per additional gallon capacity $0.05

Product Gallons

Proposed winter filling density (2,500 gal.) (8.345 1b/gal) (48.5%) = 10,118 1bs.
Current winter filling density (2,500 gal.)} (8.345 1b/gal)f45%) = 9,388 1lbs.
Increased product load 730 1bs.

Increased gallons hauled (730 1lbs)+(4.24 1lb/gal) = 172 gallons propane
Annual saving; per unit

(172 gal/load) (125 loads/winter) ($0.05/gal) = $1,075 per unit
Annual national savings '

($1,075 per unit) (18,000 units) = $19,350,000
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PART I - 46 UNITED STATES .
1
YUKA 3I045°N. 114°36°W. 141 fe.
ARIZONA W GREENLAND RANCH (DEATH V.
Period Temperature Relative humidity Precipitation Te
- Aversge  Aversge Average Period
Average of of Aversge of Average Maximum No. of 1911-1952 Averas
Bibliography] daily |highest lowest | Absolute observations monthly  fall in! days with o Avff;lt o :{
30, 13 each each ot fall 24 he, 0-1 in. Bibliography| daily ighes
Max. Min.| month _ month |Max. Min.| 0530 1200 or more 0, 31, ¥.35 | esen
degreae Fehrenhsit per conr. inches N Max. Min.| montt
Janusry 67 41 7 2 M 2 57 28 o4 12 2 et
February 72 46 83 35 92 25 59 27 0-4 28 2 Jenuary 66 38 75
March 79 50 91 39 100 31 58 22 0-3 1-s 2 Februsry 72 44 8s
Aoril 86 54 98 “ 107 38 56 20 01 09 1 March 81 S1 93
April 9 60 105
May 91 60| 104 50 120 39 57 18 <01 09 <05
June 102 68| 113 58 [119 50 56 18 <1 06 <05 May 89 69 112
July 106 77| 13 67 120 6t 63 27 02 14 1 June 109 78 ) 119
Jugust 104 77| 112 & |19 s8 68 1 06 40 2 Juty e Bl im
August
September  |100 70} 109 57 114 s0 66 9 04 37 1 s
October 88 S8 | 100 47 |108 38 61 26 03 28 1 September 106 73 ) 118
November 6 49 87 37 96 29 57 26 02 17 1 Oc tober 91 59 108
Deconber 68 43| 716 n 83 22 57 3 o5 24 2 November A B
Year § S8 | 1ise 3o (120 22 & 6 I a0 15 Decenber o
Yesr 93 &1 123+
No. of years| 67 67 30 30 [T 44 44 75 75 69
R No. of years| 37 37 10
LITTLE ROCK 34°4S'N. 52°16°W. 357 fe. XANS
AR AS FRESNO  36746°N. 119743'W. 3.
Period Teeperature Relative humidity Precipitation Ter
1880~ 1949 Average Average Aversge Prriod A
Averege of of Average of Aversge Maxi N f - Ve
Bibliography | deily {highest lowest | Absolute obsepere. H mom °. o Averuge | of
30, 32, 34 ek oaeh servations mtn:lhllv ';‘“h:" d;y;;;;h N Bibliography | daily [highest
Max. Nin.| month  wonth |Max. Min.] 0700°% 1200 U o more 30, M kin| S
degrees Faehrenheit per cent, incher x. Min.| mont
. degrees
January 6 34 70 14 81 .8 79 65 4-8 5-8 10 "
February 54 16 74 18 87  -12 78 61 3-8 5-2 9 . January S 38 68
March 63 44 80 27 %0 11 76 58 45 34 10 ::b";"’ 2; :3 ;:
il 72 - . re
Aor 53 86 37 94 28 77 54 51 96 10 doril 74 48 28
May 79 61 80 48 97 39 80 57 49 63 10 st - "
June 87 6| o5 59 Jws &1 81 5 38 44 10 . May Sl e
Juty % 72! 98 # |18 s8| 82 53 14 62 9 June v ol 19
August 90 71| 97 63 |10 52 84 53 37 4 9 July o ol s
ust ‘
September 84 &5 94 51 104 37 B84 54 31 47 7 eu
October 74 sS4 87 38 93 27 82 55 2-8 63 y September 89 58 100
November 61 43 77 27 84 10 80 59 41 59 8 . October 8 s1 91
December 52 3| 70 19 78 s 80 63 4“1 59 s ‘ November 6 4 1
53] ‘ December 55 a8 &8
Year 053]  woe 10°% [ 110 -12 80 57 25°1 96 108 3 e 50 T
Ko. of years| 67 67 s1 51 §7 57 43 13 51 70 51 N;" 7 PIRT) 2
. of years
EUREXA  40T48°N. 124”11'W. 60 fy. c
ALTFORNTA LOS ANGELES  34°03°N. 118°15
Period Terpersture Relative humidity Precipitation Temp-
1883-1949 Average  Average Average l:;s'i":q A :
s Aversge of . of Average of Average Maximum) No. of v -194 versge
Bibliography daily highest lowest Absolute observations monthly fall in{ deys with Bibliograpby A;!!;se h'7'
3, 36 each each at fell 24 he.| 0°01 in. ily [haghest
Max. Min.| month month [Max. Min, 0400 1600 or more 30, 32, 34 i ach
deprees Fohrenhait per cent. inches Max. Nin nth
Jarsary 53 41 64 31 77 20 86 78 71 51 17 s . d-a;a<- I
Februsry 53 a1 [ X] 32 8s 24 &7 78 65 49 15 Jenunry 6! N 4 9
Narch, 54 43) 68 34 78 29 87 76 5.2 39 16 - ! pebruary S oal B
April S6 44 66 37 79 31 87 76 33 29 ‘12 z'?:’ 70 ;g :2
May 57 a7 66 a1 B4 35 ay 77 1'8 22 9 o
June 9 50 67 4“4 85 40 90 77 07 20 5 May 72 s3 87
July 60 51 66 47 76 43 91 79 0-1 142 2 June - 76 s6 od
August 60 52 &7 48 79 44 92 81 Q-2 16 2 July 81 60 91
August 82 &0 94
September 61 51 70 44 85 36 91 80 10 2-8 5
October 60 48 73 40 84 34 90 80 23 36 0 Septerter 81 58 96
November $7 4§ 69 35 81 2? 88 80 5.2 45 12 s gctober ;g g; 33
Decembe 54 42 64 1 70 . . ovember
ember 22 86 79 6-3 -2 16 ) December 67 47 &1
::-r :; 4: 760 29¢+ | 85 20 89 78 19-7 5-1 120 ] Year 73 51| 100v
. of yea 6 58 58 0
years 6 60 57 57 67 63 58 No. of years |70 70 53

® Aversge of higheat each year

** Average of lowest each year

® Average of h

ighest each year
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DRIZONA

TEMPERATURE NORMALS (DEG F)

NOV | DEC | ANN STATION JAN | FEB | MAR | APR | MAY  JUN | JUL | AUG | SEP | OCT { NOV | DEC | ANN
i
59.71 49.s5/- 70 NALNJUT CREEK MAX | s1.3] s5.8 60.4 8.2 76.1 86.0 89.7] 86.8 83.0f 73.4f 0.6 52.00 70.3
25, 18.0f 36! MIN| 20.20 22.70 24.8 29.2 35.7 43.2] 53.3} S2.0f 43.7 33.5 24.9 19.5 33.6
42. 33.8 53 MEANI 35.7 39.3 42.6] 48.7 S6.0 64.6] 71.5 69.4 3.4 53.5 42.8 35.8 51.9
58.7 59.1 79 WELLTON MAX | 7.8 72.9] 77.3 84.3 92.3 101.1 104.9 103.2 99.6] 89.9 6.5 e8.1 86.5
39.9 331 50. MINt 35.2] 39.1 44 .0 s0.0f 57.2 s6.00 76.5 75.2 67.5] 54.% 421 35.2 S3.%
S4.3 46.1 5. MEAN| s5v.4 se.of 60.7 7.2 74.8 83.5 90.7 89.2 3.6 72.4 s59.3 s1.7 0.0
o8.0 &1 8 76 WHITERIVER MAX | s52.4 s55.70 s9.3 67.71 6.8 87 .1 90.5 87.0f 83.5 74.3 2.0 S54.2) 70.9
2.9 31.2 5. MIN | 22.6| 25.2 29.8 35.5] 42.6 S1.g 59.1 s7.9 s+.7 a1 29.9 23.4 392
S5.5 49 4 53 .- MEAN] 37.5f 40.5| 44 6] st 6 S9.8 69.8 74.8 72.3 67.6] 57.7 46.0f 38.8 55 .1
54.9 s56.5 75 HICKENBURG MAX | 63.7] e8 1] 72.20 80.9 90.5 100.8 104 9 101 6 96.9 86.5 73.4 5.5 83.8
35.9 29.71 a4 MIN{ 31.0 34.0 37.8 43.5 s1.1] sa.8f 70.0 68 of 0.0 48.3 37.4 31.3 47.7
0 4 43 59 : MEANI 27 4] sy of s55.¢f 2.2 70.8 80.3 87.35 8a4.8 78.5 67.4 55 4 48.4 65.7
2.3 53.7] 71 WILLCOX 3 NNW MAX | s8.9 63.3 e8.7 77.2 85 9 95 1 95 32.1 89-0 79 8 67.4 s59.5 77.7
T8l 2vel 382 MIN] 25.3 28.5 31.0 36.00 3.2 53.1 3.2 b51'.2] 53.6 41.2 30.3 25.1 0.8
a9 371 s3- MEAN] 4230 45.0 49.8 sS6.6] 64.5 74 3 79.3 76.7 71.3 0.5 48.9 42.3 59 3
8% 49,2 p9 (HILLIAMS MBX | 4a.7 47.0 s50.7 se.8 67.6 78.4 82.5 79.2] 74.9] 5.4 53 4 4.7 2.4
1308 17 33 ¢ MINYT 22.20 23.3] 26.3 32.3 39.9] 48.90 5.1 53.5 48.2 38 9 28.9 23.6 36.98
.Y 33 51 MEAN| 33.s| 3s5.1f 38.5 45 6| 53.70 63.5 68.8 66.4 o1.8 52.2 41.2 35.2 49.6
4.9 671 g5 «HINDOM ROCK MAX | a1.9 4e.0f S51.4 0.8 70.7 81.8 85.5 82.4 77.1 &7.1] s53.1| 448 3.5
32.9] 37.4 524 MIN 12.8 17. 221 28.9 36,1 45 .6 S4.1 51.8 43.0f 32.1[ 21.9 13.6 3.5
3.9 52.3 69y MEAN| 27.4 3t.6l 36.8 a4.5| s53.4 63.7 9.8 67.1] eo0.0f 49.6/ 37.3 29.4 47.5
6.1 a8, 64 ¢HINSLOW WSO [/R MAX | as.o 53.2 60.7 70.0 79.9 91.0 94.5 914 65.2 73.1 57.9 46.0 7v0.%
.4 oas ) 31 MIN | 19.0] 23.6] 29.1 36.0f 4a.4 s3.6 3.0 61t.1] 52.7 40.1f 27.8 19.3 391
3.1 32.00 ag g MEAN] 32.0 38.4 44,9 S3.0f 62.2] 72.3 78.8 76.1 9.0 Sb.6| 42.9 329 524.9
5.1 67.2 5.« WUPATKI NAT MON MBX | 46.9] s5s.of e2.5f 71.7 81.3 92.2] 95.9 92.6f 86.7] 74.4 8.5 47.2f v2.1
" 363 524 MIN| 23.7 28.4 33.3 40.2 48.6f s58.7f 65 1| e2.1| 56.0 45.1 3.8 243 43.2
2.6 518 69 ¢ MEANl 35.3 av.7 47.9 sS56.0] 64.9 75.5 80.5 77.4 71.4 69 7 45 .7 35.9 51.1
5.1 67.5 8ot YOMA CITRUS STATION MAX | e7.8 73.3 78.20 85.4 93.1| 102 1 106.2[ 108 9 101.1] 0.9 7.9 es.d 87.4a
VA 35.4 51 ¢ MIN{ 37.9 40.4 44.3 49.7] s5e6.6] 64.5 74.5 74.0 7.3 s55.9 44.6f 387 s54.0
35 s51.5 g ; MEAN] s52.9 s5e.9 61.3] &7.6] 74.9 83.3 90.4 89.5| 84.2] 73 4 &1.0 53.8 70.8
2.9 1.4 HJYWA%/' R MAX | 68.%/ 73.9 78.5 85.7] 93.6f 102 9 t06. 8/ 105.3 101.4 90.9 77 4 9.4 7.8
vr 3 o a9 MIN | 43.2 46.1f 49.9 s5.6 3.0 71.4 80.4 79.5 73.1 1.8 50 A a3.8 59.8
33 a8.7 B34 MEAN| 55.9 0.0 64.2f 70.7] 78.3 87.2 93.6 92.4/ 87.3 76.4 3.8 se.5 73.9
S5 860 75.%
.4 2B 431
> 5 423 59 ¢
SN B4 84 .1
38 33.2 490
8 50.3 666
9 bb.# 83 1
33,90 493
o 56 3 bs.¢
! .
4 619 gas
3 39 54 .3
9 S53.5 694
A es.0 817
d 390 542
1 s2.d es.0
67 3 82.%
3 328 45 1.
3 39,9 a4 i

—— s




